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Appendix F
Primary Constituent Elements for Proposed Bull Trout Critical Habitat

and Associated Habitat Indicators

PCE # PCE Description Associated Habitat Indicators

1

Permanen t water having low leve ls of contaminants

such that normal reproduction, growth and survival are

not inhibited

sediment, chem ical contamination/n utrients, change

in peak/base flows

2

Water temper atures ranging from  2° to 15°C (36° to

59°F), with adeq uate thermal re fugia available for

temperatures  at the upper en d of this range. Spec ific

temperatures  within this range will vary de pending on

bull trou t life his tory stage  and for m, geogr aphy,

elevation, diurnal and seasonal variation, shade, such as

that provided by riparian habitat, and local groundwater

influence

temperature, refugia, average wetted

width/maximum depth ratio in scour pools in a

reach, streambank condition, change in peak/base

flows, riparian cons ervation areas, floodp lain

connectivity

3

Complex stream channels with features such as woody

debris, side cha nnels, pools, and und ercut banks to

provide a variety of depths, velocities, and instream

structures

large w oody deb ris, pool  frequ ency and qua lity,

large pools, off chann el habitat, refugia, ave rage

wetted width/ma ximum depth ra tio in scour pools in

a reach, strea mbank condition, floodp lain

connectivity, riparian conservation areas

4

Substrates of suffic ient amount, size, an d composition

to ensure success of egg and embryo overwinter

survival, fry emergence, and young-of-the-year and

juvenile survival.  A m inimal amount of fine  substrate

less than 0.63 cm (0.25 in) in diameter and minimal

substrate embeddedness are cha racteristic of these

conditions

sediment, substrate embeddedness, large woody

debris, pool freque ncy and quality

5

A natural hydrograph, including peak, high, low, and

base flows within historic  ranges or, if regulated , a

hydrograph that de monstrates the ab ility to support bull

trout populations

change in pea k/base flows, increa se in drainage

network, disturbance history, disturbance regime

6

Springs, seeps, groundwater sources, and subsurface

water connectivity to contribute to water quality and

quantity

floodplain connectivity, change in peak/base flows,

increase in dra inage network, ripa rian conservation

areas, chem ical contamination/n utrients

7

Migratory corridors with m inimal physical, biological,

or chemical ba rriers between  spawning, rearin g,

overwintering, and foraging habitats, including

intermittent or seasonal barriers induced by high water

temperatures or low flows

life history diversity and isolation, persistence and

genetic integrity, temperature, chemical

contamination/nutrie nts, physical barriers, a verage

wetted width/ma ximum depth ra tio in scour pools in

a reach, cha nge in peak/base  flows, refugia

8

An abundant food base including terrestrial organisms

of riparian origin, aquatic macroinvertebrates, and

forage fish

growth and survival, life history diversity and

isolation, riparian conse rvation areas, floodpla in

connectivity (importanc e of aquatic hab itat condition

indirectly covered by previous seven PCEs)

9
Few or no preda tory, interbreeding, or com petitive

nonnative species present
persistence and genetic integrity, physical barriers



2

The following rationale supports that the PCEs for proposed  bull trout critical habitat are
thoroughly addressed in the current matrix analysis and that the environmental baseline conditions
and determination for effects to the species consists of a biological and habitat component
addressing in total the PCEs listed in the proposed rule for proposed critical habitat (USDI
2002a).

1. Permanent water having low levels of contaminants such that normal reproduction,
growth and survival are not inhibited.

Flow conditions, such as perennial or ephemeral would be analyzed through changes in
peak/base flows, and addressed in consideration of current base flows.  Changes in
hydrograph amplitude or timing with respect to watershed size, geology, and geography
would be considered.  The level of contaminants is addressed directly by the analysis of
chemical contamination/nutrients and sediment.  Current listing under 303(d) status should be
considered, as well as the causes for that listing.  Sediment is considered a contaminant
especially in spawning and rearing habitat and analysis would apply to this PCE.

2. Water temperatures ranging from 2°to 15°C (36° to 59°F), with adequate thermal
refugia available for temperatures at the upper end of this range.  Specific temperatures
within this range will vary depending on bull trout life history stage and form,
geography, elevation, diurnal and seasonal variation, shade, such as that provided by
riparian habitat, and local groundwater influence.

This PCE is addressed directly by the analysis of temperature.  It is addressed indirectly
through consideration of refugia, which by definition is high quality habitat of appropriate
temperature.  Availability of refugia is also considered in analysis of pool frequency and
quality and large pools.  Average wetted width/maximum depth ratio in scour pools is an
indication of water volume, which indirectly indicates water temperature, i.e., low ratios
indicate deeper water, which in turn indicates possible refugia.  This indicator in conjunction
with change in peak/base flows is an indicator of potential temperature and refugia concerns
particularly during low flow periods.  Streambank condition, floodplain connectivity and
riparian conservation areas address the components of shade and groundwater influence,
both of which are important factors of water temperature.  Stable streambanks and intact
riparian areas, which include part of the floodplain, typically support adequate vegetation to
maintain thermal cover to streams during low flow periods.

3. Complex stream channels with features such as woody debris, side channels, pools, and
undercut banks to provide a variety of depths, velocities, and instream structures.

The analysis of large woody debris, such as current values and sources available for
recruitment, directly addresses this PCE.  Large woody debris increases channel complexity
and creates pools and undercut banks.  Pool frequency and quality would also directly
address this PCE, showing the number of pools per mile as well as the amount of cover and
temperature of water in the pools.  Average wetted width/maximum depth ratio in scour pools
in a reach is an indicator of channel shape and pool quality.  Low ratios suggest deeper,
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higher quality pools.  Large pools, consisting of a wide range of water depths, velocities,
substrates and cover, are typical of high quality habitat and are a key component of channel
complexity (USDI 1998e).  An analysis of off-channel habitat would describe side-channels
and other off-channel areas.  Streambank condition would analyze the stability of the banks,
including such features as undercut banks.  The analysis of both riparian conservation areas
and floodplain connectivity would directly address this PCE.  Floodplain and riparian
functions include the maintenance of habitat and channel complexity, the recruitment of large
woody debris and the connectivity to off-channel habitats or side channels (USDI 1998e). 
Complex habitats provide refugia for bull trout and in turn, refugia analysis would assess
complex stream channels.  All of these habitat indicators consider the numerous characteristics
of instream bull trout habitat and quantify critical components that are fundamental to creating
and maintaining complex instream habitat over time.

4. Substrates of sufficient amount, size, and composition to ensure success of egg and
embryo overwinter survival, fry emergence, and young-of-the-year and juvenile
survival.  A minimal amount of fine substrate less than 0.63 cm (0.25 in) in diameter
and minimal substrate embeddedness are characteristic of these conditions.

This PCE is addressed directly by analysis of sediment in areas of spawning and incubation
and considers directly the size class composition of instream sediments, particularly fine
sediments <63 mm.  This PCE also is addressed directly by analysis of substrate
embeddedness in rearing areas, which is a function of sediment size class and bedload
transport.  Both of these indicators would assess substrate composition and stability in relation
to the various life stages of the bull trout as well as the sediment transportation and
deposition.  Large woody debris and pool frequency and quality affect sediment transport and
redistribution within a stream and would indirectly assess substrate composition and amounts.

5. A natural hydrograph, including peak, high, low, and base flows within historic ranges
or, if regulated, a hydrograph that demonstrates the ability to support bull trout
populations.

This PCE is addressed by analysis of change in peak/base flows, which considers changes in
hydrograph amplitude or timing with respect to watershed size, geology, and geography. 
Considering increase in drainage network and disturbance history provides further
information.  Roads and vegetation management both have effects strongly linked to a
stream’s hydrograph. Disturbance regime ties this information together to consider how a
watershed reacts to disturbance and the time required to recover back to pre-disturbance
conditions.

6. Springs, seeps, groundwater sources, and subsurface water connectivity to contribute to
water quality and quantity.

This PCE is addressed by analysis of floodplain connectivity and riparian conservation areas. 
Floodplain connectivity considers hydrologic linkage of off-channel areas with the main
channel and overbank flow maintenance of wetland function and riparian vegetation and
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succession.  Floodplain and riparian areas provide hydrologic connectivity for springs, seeps,
groundwater upwelling and wetlands and contribute to the maintenance of the water table
(USDI 1998e).  The analysis of changes in peak/base flows would address subsurface water
connectivity.  Increase in drainage network would address potential changes to groundwater
sources and subsurface water connectivity.  Chemical contamination/nutrients would address
concerns regarding groundwater water quality.

7. Migratory corridors with minimal physical, biological, or chemical barriers between
spawning, rearing, overwintering, and foraging habitats, including intermittent or
seasonal barriers induced by high water temperatures or low flows.

The biological indicator life history diversity and isolation addresses the function of migration
and/or subsequent isolation with respect to the population.  The biological indicator
persistence and genetic integrity indirectly reflects the status of migratory corridors.  Physical,
biological or chemical barriers to migration are addressed directly through water quality
habitat indicators, including temperature, chemical contamination/nutrients and physical
barriers.  The analysis of these indicators would assess if barriers have been created due to
impacts such as high temperatures, high concentrations of contaminants or physical barriers. 
Analysis of change in peak/base flows and average wetted width/maximum depth ratio in
scour pools in a reach would assess whether changes in flow might create a seasonal barrier
to migration.  An analysis of refugia, which considers the habitat’s ability to support strong,
well distributed, and connected populations for all life stages and forms of bull trout, would
also be pertinent to this PCE.

8. An abundant food base including terrestrial organisms of riparian origin, aquatic
macroinvertebrates, and forage fish.

An analysis of floodplain connectivity and riparian conservation areas would assess these
contributions to the food base.  Floodplain and riparian areas provide habitat to aquatic
invertebrates, which in turn provides a forage base to bull trout (USDI 1998e).  This PCE is
indirectly addressed through the biological indicator of growth and survival and life history
diversity and isolation.  Both of these indicators look at habitat quality and subpopulation
condition, which provides information on food base.  This PCE is a synthesis of the previous
PCEs.  It is addressed through the analysis of biological and habitat indicators in that, if a bull
trout population either exists or could exist in a watershed, then there is an adequate forage
base.  A healthy habitat provides a forage base for the target species.  Any potential
impairment to the forage base has been addressed by way of summarizing the biological and
habitat indicators.

9. Few or no predatory, interbreeding, or competitive nonnative species present.

This PCE is addressed specifically by analysis of the biological indicator persistence and
genetic integrity.  This indicator analyzes the probability of hybridization or displacement by
competitive species.  An analysis of physical barriers may indirectly address non-native
species in those areas where a barrier may prevent the invasion of non-native species.


